Abstract. The present study was conducted to investigate the prognosis and survival of patients with locally advanced gastric cancer who underwent distal subtotal gastrectomy with modified D2 (D1+) and D2 lymphadenectomy, under 70 years of age. The five-year overall survival rates of 390 patients were compared between those receiving D1+ and D2 lymphadenectomy. Univariate and multivariate analyses were used to identify factors that correlated with prognosis and lymph node metastasis. Tumor size (P= 0.039), pT stage (P= 0.011), pN stage (P<0.001), and lymphadenectomy (P= 0.004) were identified as independent prognostic factors. Furthermore, tumor size (P=0.022), pT stage (P=0.012), and lymphadenectomy (P=0.028) were proven as independent factors predicting lymph node metastasis. In conclusion, cancers of larger size, higher pT stage, and with D1+ lymphadenectomy had a higher risk of lymph node metastasis. Standard D2 lymphadenectomy removes sufficient lymph nodes to improve staging accuracy and survival. Therefore, D2 lymphanectomy is recommended in distal subtotal gastrectomy for locally advanced gastric cancer, especially for cancers of larger size and higher pT stage.
Introduction
Gastric cancer is common and remains a major public health problem around the world (1-3). The incidence of gastric cancer has declined recently; however, it remains the fifth most frequently diagnosed cancer and the second leading cause of cancer-related death globally (4) . Unfortunately, gastric cancer is often diagnosed at an advanced stage in China, and this is associated with poor survival. Radical surgery remains the primary potentially curative therapy for patients with resectable gastric cancer.
It is known that the number of metastatic lymph nodes (LNs) is one of the most important prognostic factors for patients with gastric cancer. Both the International Union Against Cancer (UICC)/American Joint Committee on Cancer (AJCC) and the Japanese Gastric Cancer Association (JGCA) recommend a goal of ≥15 LNs examined for optimal staging (3, 5) . A more extensive LN dissection helps to improve staging accuracy and survival outcomes of patients with advanced gastric cancer (6) (7) (8) . However, the beneficial survival outcome of more extensive LN dissection may only be associated with stage migration or staging accuracy; its direct contribution to improved survival remains unclear (9, 10) . Moreover, more extensive LN dissection may increase operation-related morbidity and mortality. , FEI-LONG NING 1 , XIAN-TAO ZENG 5 and DONG-QIU DAI
The efficacy of various types of LN dissection remains controversial (11) (12) (13) (14) . In the West, D1 or a modified D2 lymphadenectomy (i.e., D1+) for gastrectomy has been identified as the gold standard treatment for localized resectable gastric cancer, and standard D2 lymphadenectomy is considered only a recommended but not a required procedure (3, 6, 13, 15, 16) . In eastern Asia, especially in Japan and China, standard D2 lymphadenectomy has been the standard surgical therapy for curable gastric cancer. However, D2 lymphadenectomy requires a significant degree of surgical expertise and knowledge. In addition, D1+ lymphadenectomy helps to retrieve more LNs for optimal staging than D1 lymphadenectomy, and with lower postoperative mortality and morbidity than D2 lymphadenectomy. Thus, the efficacy of D1+ lymphadenectomy during gastrectomy, in comparison with D2 lymphadenectomy, in eastern Asia remains unclear. The incidence of gastric cancer in China is the highest in the world (17) .
The average lifespans of men and women in China are 74 and 77 years, respectively. Therefore, the long-term effect of curative gastrectomy for gastric cancer may not be evaluable in such elderly patients (18) . In the light of these considerations, we conducted this study to investigate the prognosis and survival outcomes, comparing D1+ and standard D2 lymphadenectomy in distal subtotal gastrectomy for locally advanced patients under 70 years of age in China.
Patients and methods

Patients.
Between May 1987 and February 2014, patients with advanced gastric cancer, who underwent subtotal gastrectomy in the Department of Gastrointestinal Surgery of the Fourth Affiliated Hospital and Cancer Research Institute of China Medical University, were entered into a retrospectively maintained database. In total, 397 patients with locally advanced gastric cancer underwent distal subtotal gastrectomy with D1+ or D2 lymphadenectomy. All patients achieved a potentially curative resection for histologically proven gastric adenocarcinoma. This study was approved by the Ethics Committee of the Fourth Affiliated Hospital, China Medical University. All patient records and information were anonymized and de-identified prior to analysis. Research was conducted in accordance with the principals of the 1964 Declaration of Helsinki and its later amendments.
Included and excluded standards. The inclusion criteria were as follows: Patients under 70 years of age; histologically proven adenocarcinoma; cancers in pT2-4aN0-3M0 stage; negative resection margins (R0); potentially curable, and a curative operation was performed; complete medical records were available; with D1+ or D2 lymphadenectomy. The exclusion criteria were as follows: Preoperative adjuvant therapy; previous or concomitant other cancer; emergency surgery; and patients lost to follow-up.
Follow-up.
The follow-up of the entire study population was complete until death or the cutoff date (October 2014). All the patients gave a history and underwent physical examination, and their carcino-embryonic antigen (CEA) levels were assessed every 3 to 6 months for the first postoperative year, and every 6 to 12 months thereafter. Seven patients were lost to follow-up and therefore were excluded. The rate of follow-up was 98.2%. Therefore, a total of 390 patients with locally advanced gastric cancer were included in this study. Pathology. Two pathologists independently examined the histologic sections, and disagreements were resolved by discussion to determine the final diagnosis. The carcinoma lesions together with the surrounding gastric wall were fixed in formalin and cut into multiple 5 mm slices, which were parallel to the lesser curvature. As many LNs as possible were retrieved for adequate staging. According to the current guidelines for gastric cancer, examining at least 15 LNs is strongly recommended for adequate staging (6, 13) . The 8th Edition of the AJCC TNM staging classification for carcinoma of the stomach was applied to re-stage the cancers of all patients in this study. The pathology report generally included tumor size, pT, pN, status of margin, LVI, status of mucosa, status of LNs, number of LNs retrieved, macroscopic type, and histologic grade.
Statistical analysis. Five-year overall survival (OS) rates were calculated using Kaplan-Meier survival analysis. The number at risk was also shown in all Kaplan-Meier curves. Two-sided χ 2 tests or two-tailed t-tests were performed for comparison of clinicopathologic features between patients who underwent D1+ and D2 lymphadenectomy. The log-rank (Mantel-Cox) test was conducted in the univariate analysis to identify independently significant prognostic factors and prognostic factors correlated with LN metastasis. Multivariate analysis was applied to identify significant factors correlated with prognosis, including lymphadenectomy and all significant factors identified by univariate analysis. Univariate analysis was firstly applied to find the potential prognostic factors. Then multivariate analysis was applied to identify significant factors correlated with prognosis, including all significant factors identified by the univariate analysis and the factor lymphadenectomy. Moreover, scatter-plots and population pyramid figures were used to compare the distribution of metastatic LNs and retrieved LNs between patients who underwent D1+ and D2 lymphadenectomy. A P-value of less than 0.05 was defined as statistically significant. IBM SPSS v.22.0 statistical software was used for all statistical analyses (SPSS Inc., Chicago, IL, USA).
Results
In total, 390 patients with locally advanced gastric cancer who underwent distal subtotal gastrectomy were assessed for eligibility in this study. a Two tailed t-tests of mean ± standard deviation; n, number of patients; LNs, lymph nodes. (Table I ). Fig. 1 shows the distribution of the number of LN metastases according to the number of LNs retrieved for patients with ≤15 LNs retrieved and >15 LNs retrieved, comparing D1+ with D2 lymphadenectomy. Fig. 1 also shows the number of patients distributed according to the number of LNs retrieved and the number of LN metastases, comparing D1+ with D2 lymphadenectomy.
Outcomes. As far as we are concerned, lymphadenectomy is very important for patients with gastric cancer surgery, which refers to the removal of regional LNs. And lymphadenectomy may be classified as D0, D1, D1+, or D2 depending on the extent of LNs removed at the time of gastrectomy. More extensive lymph node dissection helps to better accurate staging. Patients with accurate staging may receive ideal postoperative treatments, which may contribute to survival benefit. Therefore, identifying the best lymphadenectomy type for every patient will be of great importance.
To identify which factors were correlated with prognosis and were independent prognostic factors for the entire study population. We firstly conducted univariate analysis to find the potential prognostic factors and then multivariate analysis was applied to identify significant factors correlated with prognosis, including all significant factors identified by the univariate analysis and the factor lymphadenectomy. Firstly, univariate analysis identified tumor size (P= 0.003), pT stage (P=0.005), pN stage (P=0.008), reconstruction type (P=0.012), and lymphadenectomy (P=0.018) as potential factors correlated with prognosis for the entire study population (Table II, Fig. 2) . Secondly, multivariate analysis demonstrated that tumor size (RR 1.429, 95% CI 1.017-2.007, P=0.039), pT stage (RR 1.279, 95% CI 1.059-1.545, P= 0.011), pN stage (RR 1.302, 95% CI 1.139-1.487, P<0.001) and lymphadenectomy (RR 0.653, 95% CI 0.490-0.870, P= 0.004) were independent prognostic factors for the entire study population (Table II) . Five-year overall survival rates are also shown (Table II) .
To identify which factors were correlated with LN metastasis, we firstly conducted univariate analysis to find the potential factors correlated with LN metastasis and then multivariate analysis was applied to identify significant factors correlated with LN metastasis, including all significant factors identified by the univariate analysis and the factor lymphadenectomy. Firstly, univariate analysis identified tumor size (P=0.006) and pT stage (P=0.002) as potential factors correlated with LN metastasis (Table III) . Secondly, multivariate analysis demonstrated that tumor size (RR 1.486, 95% CI 1.059-2.087, P= 0.022), pT stage (RR 1.247, 95% CI 1.055-1.540, P=0.012), and lymphadenectomy (D1+ vs. D2, RR 0.740, 95% CI 0.565-0.969, P=0.028) were independent prognostic factors predicting LN metastasis (Table III) . Survival curves comparing tumor size, pT stage, reconstruction type, and lymphadenectomy are shown in Fig. 3 .
Comparisons of prognosis for patients who underwent D1+ and D2 lymphadenectomy are shown in Table IV , as stratified by pT stage, pN stage, and the number of LNs retrieved. As shown, D2 lymphadenectomy helped to achieve a higher 5-year OS rate, compared with D1+ lymphadenectomy for the entire sample of patients (35.7% for D1+, 48.2% for D2) and for patients in stage pT2 (51.9% for D1+, 63.0% for D2), pT3 (38.3% for D1+, 51.8% for D2), pT4a (25.9% for D1+, 34.3% for D2), pN0 (36.6% for D1+, 63.9% for D2), pN1 (42.7% for D1+, 52.7% for D2), pN2 (32.7% for D1+, 49.2% for D2), and pN3 (17.7% for D1+, 27.7% for D2), as well as patients with adequate (34.3% for D1+, 46.9% for D2) or inadequate LN retrieval (44.7% for D1+, 49.6% for D2). Importantly, a statistically significant difference in 5-year OS rate could be found in the entire study population (35.7% for D1+, 48.2% for D2, log-rank test, P=0.018), and especially for patients with pN0 cancer (36.6% for D1+, 63.9% for D2, log-rank test, P=0.021).
Discussion
Radical surgery is still the primary potentially curable treatment for resectable gastric cancer, and R0 resection is recommended as the gold standard. For patients with distal gastric cancer, subtotal gastrectomy is preferred for its similar outcomes and fewer complications, when compared with total gastrectomy (19) . Therefore, in this study, only patients with locally advanced gastric cancer who underwent subtotal gastrectomy were included. In addition, the average lifespans of men and women in China are 74 and 77 years, respectively. Therefore, if we include patients older than age of 70 years, the long-term effect of curative gastrectomy for gastric cancer may not be evaluable; thus, we only included patients under age of 70 years in this study.
Recently, D1 or D1+ lymphadenectomy for gastrectomy has been identified as the gold standard treatment for localized resectable gastric cancer in the West; however, D2 lymphadenectomy is considered only a recommended but not a required procedure, which may only contribute to accurate staging (3, 6, 13, 15, 16) . In addition, its contribution to survival benefit is under debate and may be due to the effect of 'stage migration'. D2 lymphadenectomy has been a standard therapy for curable gastric cancer in eastern Asia; however, it was reported to be associated with significantly higher postoperative mortality and morbidity, when compared with D1 lymphadenectomy (11) . As far as we are concerned, D1+ lymphadenectomy helps to retrieve more LNs for optimal staging than D1 lymphadenectomy, and D1+ lymphadenectomy may be associated with lower postoperative mortality and morbidity than D2 lymphadenectomy. Thus, the efficacy of D1+ lymphadenectomy in eastern Asia is still under debate. D1+ lymphadenectomy in total gastrectomy has been shown to be effective for gastric carcinoma with LN metastasis, but this requires further validation (20, 21) . This study was conducted to investigate survival outcomes, comparing D1+ and standard D2 lymphadenectomy in distal subtotal Table III . Univariate and multivariate analysis of factors predicting LN metastasis (n=293). gastrectomy, for patients with locally advanced gastric cancer.
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Recurrences were classified as locoregional and distant recurrence. Locoregional recurrence was identified as any cancer recurrence in the gastric bed, anastomotic sites, and regional LNs. Distant recurrence was identified as visceral metastases, peritoneal metastases, and LN metastases beyond the regional LNs. All recurrences were diagnosed clinically or radio-graphically, with histopathologic testing or radiography, including computer tomography (CT) scan (head, chest, abdomen, and pelvis) and bone scans; positron emission tomography CT (PET/CT) would be applied if necessary. According to the findings of these examinations, the incidence of recurrence was comparable between patients who underwent D1+ and D2 lymphadenectomy.
To investigate the independent prognostic factors for the entire study population, both univariate and multivariate analyses were performed. We finally identified that tumor size (P= 0.039), pT stage (P= 0.011), pN stage (P<0.001), and lymphadenectomy (P=0.004) as independent prognostic factors. Our result is similar to those of many previous studies concerning independent factors for locally advanced gastric cancer.
Both the UICC and JGCA recommend that a sufficient number and level of LNs should be retrieved. A minimum of 15 LNs retrieved is recommended for both the UICC and JGCA staging systems. Insufficient LN retrieval may lead to residual positive LNs. In our study, the median number of LNs retrieved for patients with D1+ lymphadenectomy was significantly less than that of patients with D2 lymphadenectomy (7.94±6.86 for D1+ lymphadenectomy vs. 17.58±9.24 for D2 lymphadenectomy, P<0.001). The 5-year OS rate of patients with D1+ lymphadenectomy was significantly lower than that of patients with D2 lymphadenectomy (35.7% for D1+ lymphadenectomy vs. 48.2% for D2 lymphadenectomy, P=0.018). The number of LNs retrieved for patients with D1+ lymphadenectomy is inadequate (7.94±6.86), which is much fewer than the minimum of 15 LNs as recommended by the UICC and JGCA staging system; therefore, down-staging may occur as a result of residual positive lymph nodes. More extensive lymph node dissection helps to better accurate staging. Thus, patients with accurate staging may receive ideal postoperative treatments, which may contribute to survival benefit. These results indicate that patients would benefit from D2 lymphadenectomy, which helps to retrieve adequate LNs for optimal staging and to improve survival outcomes.
Lymph node metastasis is a poor prognostic factor for gastric cancer and the number of regional LN metastases will influences survival significantly (22) . In this current cohort, tumor size (P=0.022), pT stage (P=0.012), and lymphadenectomy (P=0.028) were proved as independent prognostic factors predicting LN metastasis. Accordingly, patients with larger tumor size (≥4 cm), higher pT stage, and who underwent D1+ lymphadenectomy had a higher risk of LN metastasis and shorter survival times. It is not surprising that patients with larger tumor size, higher pT stage, and D1+ lymphadenectomy would have a worse survival outcome. Larger cancers with higher pT stage are more locally advanced, and may have a higher risk of LN metastasis; therefore, D2 lymphadenectomy is strongly recommended, especially for larger cancers with higher pT stage. As many LNs should be retrieved as possible to avoid residual LNs (as least 15 LNs were recommended), especially for patients with larger tumor size and higher pT stage. However, the results of our study should be interpreted with caution and need to be clarified in further studies.
To evaluate prognosis, 5-year OS rates for patients who underwent D1+ and D2 lymphadenectomy were calculated. According to our study, D2 lymphadenectomy helped to achieve higher 5-year OS rates for the entire study population, patients in pT2-4a and pN0-3 stages, and patients with adequate or inadequate LNs retrieved. Statistically significant differences in 5-year OS rate could be found for the entire study population, and for patients in pN0 stage. Recent studies have shown that D2 lymphadenectomy is associated with fewer postoperative complications and a trend toward an improved OS rate when performed in high-volume centers with sufficient experience of the operation and postoperative management (23) (24) (25) . Therefore, we believed that standard D2 lymphadenectomy helps to retrieve adequate LNs and improve staging accuracy and survival outcomes; however, it should be performed by experienced surgeons in high-volume centers.
However, limitations still exist in the present study. First, this retrospective study was based on a follow-up that varied from operation to operation and has changed during the past 27 years. During this large time frame, the effects of surgical progress, surgical techniques, surgical skill and adjuvant therapy may have changed, which may have produced bias. Second, our study lacked the investigation of safety outcomes, such as operation-related morbidity, mortality, and so on, which are also very important and need to be investigated in future studies. Third, it is necessary to note that selection bias may exist because this study was not a randomized controlled trial. Therefore, our study still needs to be validated by future prospective and randomized controlled studies.
In conclusion, cancers of larger size, higher pT stage, and with D1+ lymphadenectomy have higher risk of LN metastasis. This study demonstrated that standard D2 lymphadenectomy helps to retrieve adequate LNs to improve staging accuracy and survival. Therefore, we recommend standard D2 lymphadenectomy in distal subtotal gastrectomy for locally advanced gastric cancer, especially for cancers of larger size and higher pT stage of patients younger than age of 70 years. However, standard D2 lymphadenectomy requires surgeons to have undergone an appropriate learning curve and needs to be performed by experienced surgeons in high-volume centers.
